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IN 'THE DEVELOFMENT OF WIDE ATMOSPEERLC SHOWERS

‘ o G. T. Zatszepln, Phys Inst imen) P. N, Lebedev
Acad Sci USSR

The results of the work directed by Academician D. V, Sknbel'tsyn of the Physics
Institute imeni P. K. lebedev, force ore to conclude that wide atmospheric showers
camnot be identified with elsctron-photon showers fram primery electroms. Analysis
of tidé data shows the importance of high-energy "nucleo-active" particles end unigue

. "nucleo-cascade" processes creating these particles in both the mechanism of atmos-
vheric shower formation and the process of ite development. Experimental data recent-
1y cbtained from the study of primary particles ia cosmic reys also forces one to
repudiate the notion thet a wids atmospheric shower arises from one primary particle.

It is firmly established et prosent that most particles in primary coamic radi-
ation are heavy nucleo-interacting particles (1, 2) -~ mainly protons and some
beavier stamic nuclel (3) -- apd now there is no reason tc assume that there rre
high-energy electrons in primary radistien.

The results of the work, which exposed definite anomalies in the phencmenom of
vide akowers, nay be suwmed up as follwa:

The dependence of altitude function upon shower density does not agree with

1.
the cascede theory (h),

A

2, The sghowers are anomalously wide (5).

3. The high-energy electron-photon camponeat is not focused in the narrow
reglon of the shower "column,” but has e distribdution width actually exceeding the
theoretical (6). .

L. The showers copteiv & coneidarsile mumber ol penstrating perticles. This
fact 1s neither explained nor conmsidered by the cascade thyory. The current density
of sich particles in atmospheric showers at average altitudes {approzimately 4 kilo-
moters) ir of the crder of 1 - 2 percent (7) of the current demsity of electrons in
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central (R approximately 100 meters) regions of the ehower. Tre spatial distri-

bution of penetrating particles is wider (&) than that for elsctrons. Taking this i .
1nto conmelderation. the total muwber of penetrsting perticles constitutes an even B ‘ g
grestar part of the total number of all particles of the shower. ‘ i ’ & |

5. High-energy nucleo-active particles, vhick generate "gpecial" showera,
ars containsd in wide shovers (8) (at an altitude of approximetely L ¥ilometers,
their number may be roughly evaluated as 1/2 - 1/4 of the number of "nonactive”
penetrating particles in the shower). ’

6. The energy born: by penetrating and nucleo-active particles, due to the
large averagr energy per particle, is high and mekes up (at an altitude of approxi-
mtely 4 Kilometers) at least tems of porcents of the total emergy of the shower .
particles. . :

W Any theory of wide atmospheric showers which satlsfies exporimental date must
describe the “crmetion and development of a complex shower which includes the three
components just mentionsd (electron-photon, penetrating, and nucleo-active), ctart-
ing fram the premiss that the primary particle generating the shower is a heavy
"nuclemr” particle end not a high-speed electron. Until recently, there had basn

no data on processes which could form the foundaticn for erecting such a theory.

Now, however, such data has been provided by the discovery of the gso-called "special”
showers in 1945 -~ 1945 (9, 10). ‘

Works relating to the study of special showers moth at Mt Pamlr a,ﬂd in the '
stratosphere) roduce to the following conclusione:

1. Figh-enerev nucleo-active varticles interact with nuclel having an effective

of decay of extremely short-lived mesons into photcms) . .

3. At b- %o 5-kllometers altitudes, & considerable number of the particles
(apparently the mejority of them) which generate special showers are aecondary D&r-
tizles. Thie 18 apparent fror the fact that there is a nsutral zensrating camponent
(11) at these altitudes and. moreover, this purt of the generating particles mekes
up one of the compenents of wide showers (10?.‘ :

4. Showers generated by particles krown to be primary {observations irn the
stratosphers) have the same character ap the speclal showers generated by secondary
yarticles. Thus the generaticn of special showere g & very common process charac-
teristic of high-energy nucleo-active particles.

Eaving considered these facts, we deem it poseible to make certain hypotheses
ae the. basis for interpreting wide showers. ’

1. Wide atmospheric showers are generated by heavy (nucleo-active) particles
in primery cosmic radiation.

2. The initial act causing such a shower in the stratosphere is the emergence
of the epeclal shower (1n the collision of a primaxry particle with an ataric
nucleus).

3. Three componerte are generated in this special shower: =& scft (electron-

photon), a penetrating (ou mesons, which probably emerge through the decay of pi
mesons rzther than in the initial act of gererat] on), and a nucleo-active component.

hs -2 -

cross section ciose to the geomstric nuclear cross sectlion, thus generating “gpecial”

exploaive showers in the process.

2, When the special suower 1s created, bolh penstrating varticles and high-

energy eluctron-photon component are generated (10 (posai‘bly through the agency
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4. The cascade process which leads %o the emergence of an avalanche of particles
forming & wide shower ae &n end result consists, then, of the usual cascade multi- L g
plication of the electron-photon componsnt and another very importent nucleo-cascade RO i
mrocess. The latter cascade procens emerges because the nuclec-active particles ‘ " ' -
formed iu the special shower containing rather high emergy can agsin generate speclal ER ‘

phowers during collisione with the nucleoms of atmospheric nuclei and thue provoke
a repetition of the primary nuclear process which generated the glven wide shower.

The rejection of that premise of the cascade theory of showers which assumed
the presence of e "ready” electron on the periphery of the atmosphere is thus due "
not only to the fact that the generation process occurs at various atmoepheric -
levele according tc thie expenentlal absorption of primary "nuclear” particles. The o
experimentally established fact of the exlstemce of particlos generating speclal
gshowers rg & component of wide showers {their number in the "average"” shower 1la pos- o :
eibly 104 - 10%) lesd~ to ths conclusion that, for sufficlently high epergy in the B S
spaclal shower new nucleo-active high-energy particles are created. Thus, we are e TS .
forced to acknowledge tue existence of the nuclec-cascade process Just mentiomed. ' n
‘The sbwence of & maximm curve for showers generated by nucleo-t.ctive particles (12)
does mot comitradict the existenmce of the nucleo-cascade process, aince the average
energy of primary verticles neceassary to create secondery particles capable of gen-
ersting special showers must be much greated than the mavimum energy spectrum of
primary perticles (approximately 3.109 eV).

The basic propertise of ghowers way be qvalitativeli explained by makiig cer- ) :
tain naturel assumptions relative to the origin of special high-onergy showers. ' .

1. The given hypothesis is not con*radicted by the fact that most particles
in a shower ara electroms. The "critical” energy is much higher (3;‘109 - 1010 V)
for the nuclso-cascade process than for electrons {epproximaiely 1Uv sv), rhus,
oven in the shower's initial pbase of development, when the main energy is prohably

- 4neluded in the "nucleer” compoment, the shower particles are predeminantly electroms

since, 1n cascade multiplication of particles, thelir number is inversely proportional
to "critical" emergy. In the nucleo-cascede process, the energy apparently tranefers
irreversibly from the nuclear component into the electron-photon and "nucleo-inac-
tive" ma-meson coamponents, Moreover, it should be assumed thai many particles are
created in one act of generetion of a upecial shower of very high energy. Both of
thess factors may lead to rapid energy degradation of nuclear particles, since the
shower'e energy may be mainly included in the electron-photon component and mu mesuns
at gresat depths.

2, The anomalously wide distribution of particles in a sb~wer is due to the
large angles of separatfon of the initial directionms for both pene trating particlss
and particles of the electron-photon component 1n spscial showsrs (these angles are
g0 small as to be disregarded in &n electron-photon shower)., Tha spatial distri-
butior 1e also wide because of the long paths of penetrating-type particles. Since
the electron-photon compunent is creeted in the depths of the shower, its spatial
distribution is Getermined not only by the anguler sepuration of the 1nicial direc-
tions and scattering but also by the epatial distribution of 1ts generating com-
ponent, The meparation of the generating component must be very great since the
path of the particles in air cunnot be less than one kilometer. The mu mesons have
the gregtest width of separation.

3. The formation of special showere in wide showers and the nuclear fissions
connected with them are expleined by the emergence of strongly ionlzing particlus
and neutrons (13).

It follows from the above discussicn that: (1) the nuclear aspects of a shower
should be observed more clearly with increase in altitude; (2) in wide showers,
especially in the initial phase of their develorment, it is poseible to observe a

structure coenected with the presence of special showers emerging in air; and (3)
"young" showers (low energy) may be observed not only in the siratcsphere, but also
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at average altitudes. Since energy not less than 1013 - 1014 eV 1@ necessery to N
form & wide atmospheric shower dense enough %o dhe cbserved, while 1010 oV is nec- i
pesary Lo form eecondary nuclec-active particles, then such particles for the most =
parh are chosxved as "oelitary” omly Por emall densities of the atmospheric shower W
accompanying them. The special ahowers generated by theas parwzicles in air conm-

+aining a limlited number of particles mey be obaerved omly short distences from
AN the place of emergence before the particles scatter over a large ares. This con-
LN dition holds in the cass of "narrow" showers. It is possible to eliminate 41£f1-
: culties escountered in scme cosmic ray phenomena conmected with ruclsay perticles
("stare, " special showers, etc.) by considering the existence of the nucleo-caacade

- rocess.,

‘\‘/

In this articls it has been impossible to discuss the afore-mentioned hypoth-
eges ant variations of the nucleo-cascads process or to congider emnloying this
process. to explain other puoHImeDd . 3tudy of wide whovers from the standpolint aset .
Porth will have fresh interest, since further detalled study of wide showers will RO .
. reveal the charactoristics of muclear intersction of particles of very high energies B
(1014 - 1018 V), Direct ovservations of such particles 1s not possible.

he author thanks Academicisn D. V. Skobelftsyn for directling the work on
the stuly of wide showers amd V, I. Veksler and ¥, A, Dobrotin for editing the
erticle. A. D, Saiharov and M. I. Podgoretskiy perticipated im dlacuselon of the

@] hypotheses.
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